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Intr oduction

All geneactionis with respecto ageneticandernvironmentalbackgroundThequestions
arerather:

Candetailedmodellingof G~ E (or epistasis)mprove power for genediscovery?
DoesG "~ E for agivengeneunderliesurprisingbiology?

Isagiventrait labile or nonlabile (canwe obsereresponsef agenotypedndividualin the
differentervironments)?

Whatsamplesizesareneeded?
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ERCC2 genotype,smoking,and lung cancer

ERCC2(199g13.2xodedor a DNA repairprotein(TypeD xerodermaigmentosum).
ERCC2*312Aspeportedo increaseisk in light but not heary smolers.
ERCC2*751GlIrreportedo increaseisk in femalesmolersbut not malesmolers.
ERCC2*312Assuggestedb increasaateof p53somaticnutationan smolers.

Onelargecase-controstudy(Zhouetal 2002)found:
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ERCC2 genotype, smoking, and lung cancer
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Family v. individual level

Studiesof G~ E in otherspeciesreoftenin experimentaketupswherea particularline
crosss examinedin differentenvironments. Themoderator variables usuallyvary only at
thefamily level.

Alternatiely, themoderatowvariablemight vary from individual to individual within a
family. With respecto theautosomeghesex of theindividual is a highly variablerandom
ernvironmentalevent.

In studieson humansbothclasse®f moderatowvariablearecommonlymeasuredcandare
commonlycontinuougatherthandiscretan nature.

Themoderatomaybeunobsered. Oneclassiocexampleisamountof contactbetweertwins
or relatves(moderatinghe effectsof C).
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Sex-limitation isacommonexampleof G~ E
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In the polygenicsex-limitation model,differ ent setsof genesxanactonthetrait in thetwo
sexeseg hﬁ,l = hﬁ, but r,=0.

Sex-specifogenotypioneansor penetranceatasingleQTL canmimic thistypeof pattern,
but the solutionsrequireoverdominancen onesex.
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Sex-limitation isacommonexampleof G~ E

The GAW10simulateddataincludeda sex-limited QTL. Towneetal (1997)foundthe
ELOD for oneQTL increasedrom 1.5to 1.9with inclusionof aQ "~ Sex term.
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Continuous moderator models(G * E)

Nice paperdy Purcell(2002)andShamé& Purcell(2002)cover thismaterial:

q+%M

a+b,M e+bM
Z%anbMM " Y1

Effectsof themeasurednoditervariableon bothmeansandvariancesarebeingmodelled.
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Hypertensionin migrant Greeks

Hopperandcoworkers(1992)describebloodpressuraen 628individualson theislandof
Levkadisand846of theirrelatveswho hadmigratedto Melbourne Australia(total of 204
pedigrees) Migrantseatandwork quitedifferentlyin Australia:drinking one-thirdthe
amountof alcohol,weighingmore,andhaving higherbloodpressureasthey age.

Group Vg Ve Ve
Male Migrant 25.8(4.9) 0.0 (2.8) 74.5(7.5)
Femaleor Non-migrant 25.8 0.0 48.3(4.7)

Regressiorof total varianceof dBPonagein males  0.77(0.25)peryear
Regressiorof total varianceof dBPonagein females 0.18(0.24)peryear
Regressiorof V onage 0.23(0.31)peryear
Regressiorof V. onage 0.16(0.31)peryear
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Simulated QTL data basedon Hopper etal (1992)

I've simulated300nuclearfamilies(3 childrenperfamily) basedntheabore dataoneQTL
explainshalf thegeneticvariance.

1. Simulatemarkersalonga mapfor pedigree®f therequiredsize.
2.SimulatethemainQTL aslinkedto markersonthemap

3. Simulatetve unlinkedpolygenes

4.Simulatethe phenotypes®asednthegenotype.

5.Add in theeffectsof thetwo moderatorso E for thephenotypes.
(5b. Userejectionsamplingto mimic ascertainment.)

6. Analysetheresultingdata.
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Simulated QTL datalll

Scriptfor thetwinsimprogram:

set map 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 100
set gtt 51 0.25

set va 13

set vg 13

set ve O

set mzfamilies 0)

set halfsib_families 50

set nfamilies 300
set nsibs 3

set ple 1

write  fam300.ped
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Simulated QTL data lll

Scriptfor thesib-pair program:

set locus mztwin qua
set locus dBP qua

set loc markerO0O1 marker 10.00
set loc marker002 marker 15.00
set loc markerO09 marker 50.00
set locus qtl marker 51.00
set loc marker010 marker 55.00
set loc marker011 marker 60.00

set loc marker018 marker 100.00
read pedigree fam300.ped

set ple -1

run
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Simulated QTL data IV

Scriptfor thesib-pair program:

set loc age qua

set loc env qua

set loc mal aff

mal=male

env=0

if (mal and rand<0.43) then env=1

if (isnon) then age=30+30*rand

If  (isfou) then age=60+10*rand

dBP = 80 + env6 + dBP + \
sgrt(age*(0.2+mal*0.5)+48)*rnorm

drop qtl

write  loc merlin  merlin.dat

write  loc merlin  merlin.map

write  merlin.ped

QIMR

+ env*5*rnorm



Simulated QTL dataV

60%o0f replicategpasshe Shapiro-Wk' stestfor normality
Effectof migrationon maletotal variancesasilydetected

ELODsmall:0.5

ELOD for VC linkageanalysiancludingmigrationsmaller
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Associationdesignsfor G~ E

In theabsenc®f complicatingpopulationstratifcationa conventionalcase-controtlesign
with unrelateccontrolsis the mosteftcientdesignfor detectingmaingeneticeffects,but
variousfamily baseddesignsaresuperiorfor pickingup G~ E (Witte etal 1999;Siegmund

& Langholz2001).

Case-onlyandcase-combined-contretudiesaretwo designdeingexplored.
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A simple cotwin-control example

A dichotomoudrait is determinedy a singlemajorlocusand adichotomous
environmentalexposureg(or measuredenotypeunderthefollowing model:

Risk Factor

Exposurdlositve

ExposureNegative

GenePenetrance Mean Risk

AA AB BB
f, pf,+2p(1- p)f,+ (1- pyf, R
fO 1:0 fO fO RO

Theprobabilityof exposurds E (exposures uncorrelatedn families).

A cornventional studyusingunrelateccasesandcontrolswill measureéhe meanpopulation

riskratioR/R,,.
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A simple cotwin-control example

Prospectiely:

Exposurd_evel of pair Marginal Risk Recurrencéisk

Twinl Twin 2
Both Unexposed R, R, R,
Twin 1exposed R, R, R,
Bothtwinsexposed R, R, R, +Cov/R,
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A simple cotwin-case-contol example

Theeguwvalentmatchedcotwin-case-contratudy:

UnaffectedMember AffectedMember
ExpPos ExpNeg

ExposurePositve Ez[Rl(l- Rl)-Cov]/T E(1- E)[Ro(l_ Rl)]/T

ExposureNegative E(L- E)[R(1- Ry/T (1 EP[R(1- Ry /T

- 2
wherethetotal probability T = Ry(1- Ry e RO)(1- 2R,). EZ(CO"+(R1_ o )

Testing differencesin exposure concordanceletweentwo strataof pairs(MZ v DZ) will
allow oneto testCov=0,
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